The main aim of this research was to study the efficiency of modified walnut shell with titanium dioxide (TiO 2 ) and zinc oxide (ZnO) in the adsorption of humic acid from aqueous solutions. This experimental study was carried out in a batch condition to determine the effects of factors such as contact time, pH, humic acid concentration, dose of adsorbents (raw walnut shell, modified walnut shell with TiO 2 and ZnO) on the removal efficiency of humic acid. pH zpc of raw walnut shell, walnut shell modified with TiO 2 and walnut shell modified with ZnO were 7.6, 7.5, and 8, respectively. The maximum adsorption capacity of humic acid at concentration of 30 mg/L, contact time of 30 min at pH ¼ 3 in an adsorbent dose of 0.02 g of walnut shell and ZnO and TiO 2 modified walnut shell were found to be 35.2, 37.9, and 40.2 mg/g, respectively. The results showed that the studied adsorbents tended to fit with the Langmuir model. Walnut shell, due to its availability, cost-effectiveness, and also its high adsorption efficiency, can be proposed as a promising natural adsorbent in the removal of humic acid from aqueous solutions.
INTRODUCTION
Humic and fulvic acids are known as the main precursors of trihalomethanes and other disinfection by-products in water (Graham ) . Humic acid is a major component of organic compounds originating from decomposition of dead plant materials, animal bodies, and biological activities of microorganisms (Jiahong et al. ) which exists in a yellow to black color in almost all natural waters (Corin et al. ) . Humic acid may cause water to have an undesirable taste and color.
Moreover, it acts as a nutrient for the growth of bacteria in water distribution systems. Humic acid can cause blockage of membranes in membrane treatment processes, and therefore, increase the operational costs. Furthermore, humic acid can form complexes with chlorine, heavy metals, pesticides, and herbicides, creating carcinogenic compounds (Graham ; Rubia et al. ; Naghizadeh ) . Thus, even low levels of humic acid can cause major problems in water.
Various processes, such as chemical coagulation, advanced oxidation, membrane separation, adsorption and bio-degradation, have been studied for the removal of humic acid from water. Among these, adsorption is most used due to its simplicity and cost-effectiveness. Due to its characteristics, many studies have been carried out in order to develop a suitable adsorbent for the removal of humic acid from water (Duan et al. ; Lorenc-Grabowska & Gryglewicz ; Salman et al. ; Wang et al. , ) . Recently, a great deal of attention has been paid to the adsorption process. Adsorption efficiency depends on several operating variables, such as solution pH, adsorbent dosage, contact time, type of adsorbent and organics (Dehghani et al. ; Naghizadeh ) . In the inexpensive and abundantly available. There are many studies in the literature regarding the adsorption of humic acid onto different adsorbents, but few studies have been done on the removal of humic acid by natural adsorbents. Therefore, in this study, we attempted to experimentally investigate the effectiveness of walnut shell, due to its several advantages in water treatment, in the removal of humic acid from aqueous solutions using batch adsorption method.
MATERIALS AND METHODS
This research is a practical study carried out experimentally on a batch basis. The raw material used in this study was walnut shell. Initially, the raw walnut shell was washed to remove any dust and dirt, ground, sieved and then used in the experiments. Also, ZnO and TiO 2 were used as catalysts.
Synthesis of walnut shell
The synthesis of modified walnut shell with TiO 2 and ZnO nanoparticles was performed in environmental health engineering laboratories of Birjand University of Medical Sciences in Iran. 0.75 g of TiO 2 and ZnO powders were carefully weighed and placed separately into 500 mL Erlenmeyer flasks. Then, 200 mL of deionized water was added and the suspension stirred for 30 min (agitation speed ¼ 200 rpm) until the solution turned colorless. 15 g of the prepared adsorbents were then added separately to each of the solutions and stirred again for 12 hours at 200 rpm. After that, they were dried in an oven at 110 W C for 8 hours. Then, the temperature of the oven was fixed at 185 W C for 2 hours to dry the adsorbent completely. The dried powder was washed with double distilled water and filtered. Finally, the filter cake was placed in a beaker and then dried in an oven at 100 W C for 12 hours.
Preparation of stock solution of humic acid
The stock solution of humic acid was prepared by dissolving 926 mg of humic acid (purchased from Acros Company) in 1 L of distilled water. The purity of the purchased humic acid was 54% and the concentration of the stock solution was 500 mg/L. The chemical structure of humic acid is shown in Figure 1 .
Adsorption experiments
In this study, the effects of various parameters such as initial 
RESULTS AND DISCUSSION

Characteristics of the adsorbents
Scanning electron microscope (SEM) pictures of the raw walnut shell, walnut shell modified with ZnO, and walnut shell modified with TiO 2 are shown in Figure 2 . By comparing the surface structure of the adsorbents, it can be concluded that the walnut shell modification with ZnO and TiO 2 leads to a remarkable increase in the surface area and mesoporous volume of these adsorbents. Thus, walnut shell modified with ZnO and walnut shell modified with TiO 2 can be good adsorbents for humic acid removal.
Determination of pH zpc of raw walnut shell, modified walnut shells with TiO 2 and ZnO
The results of pH zpc measurement for adsorption of humic acid for the studied adsorbents are shown in Figure 3 .
The pH of the zero point of charge (pH zpc ) is the pH value at which a solid submerged in an electrolyte exhibits zero net electrical charge on the surface. When the pH of the solution is higher than pH zpc , the negative charge on the surface provides electrostatic interactions that are favorable for adsorbing cationic species (Naghizadeh et al. ).
According to Figure 3 , pH zpc of walnut shell activated carbon in three adsorbents including raw walnut shell, modified with TiO 2 and modified with ZnO was 7.6, 7.5, and 8, respectively. This observation is similar to that reported by Larimi & Ayati () who studied feasibility of walnut shell and almond activated carbon in the removal of direct Blue71.
Effect of pH on the adsorption of humic acid by these adsorbents
The results of the effect of pH on the adsorption of humic acid by the adsorbents raw walnut shell, modified walnut 
Effect of adsorbent dose on the adsorption efficiency of three adsorbents
The effect of adsorbent dose on the adsorption efficiency is presented in Figure 8 .
As shown in the figure, the maximum adsorption capacity for the above adsorbents was determined to be 0.02 g per mass of adsorbent. 
Adsorption isotherms
The results of two types of most commonly used isotherms, Freundlich and Langmuir, are summarized in Table 1 .
Considering the results obtained from the Langmuir and
Freundlich models and also results of maximum correlation coefficients, it can be ascertained that both walnut shell and Table 2 show the effect of temperature on adsorption of humic acid by walnut shell, walnut shell modified with TiO 2 , and walnut shell modified with ZnO.
According to the results given in Table 2 , the adsorption process of humic acid is endothermic in nature for walnut shell and walnut shell modified with TiO 2 (positive sign of ΔH W ). However, for walnut shell modified with ZnO, it is exothermic (negative sign of ΔH W ). Thermodynamic parameters include change in the enthalpy (ΔH W ), entropy (ΔS W ), and free energy (ΔG W ). These parameters confirm whether the adsorption process is spontaneous in nature or not. When the value of ΔG W is negative, the adsorption reaction is spontaneous in nature (Irani et al. ) . In the present study, thermodynamic parameters are conducted at different temperatures (293, 303, and 313 K). All of these parameters were determined by using the following equations: 
Adsorption kinetics
CONCLUSION
In this study, application of raw walnut shell, modified walnut shell with TiO 2 and ZnO for the removal of humic acid from aqueous solution was investigated. The results showed that these adsorbents have high efficiency in the removal of humic acid from aqueous solutions. Walnut shell is a cheap and sustainable agricultural by-product and its shell is commonly discarded as waste. If this material is released into the environment, it can create a potential risk to human health and the surrounding environment.
We used this material as an efficient adsorbent for the removal of important precursors which commonly form carcinogenic disinfection by-products in the chlorination chambers of water treatment plants. Therefore, the use of walnut shell is economically reasonable. 
